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© Method of Isolating and purifying nucleic acids from biological samples. 

© A method for isolating and purifying nucleic acids from a biological sample is described. The method 
employs anion exchange materials, preferably the chloride form of such materials, to bind the nucleic acids and 
use s hahde salts of increasing molarity, preferably chloride salts, to adsorb, wash and elute the nucleic acids 
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METHOD OF ISOLATING AND PURIFYING NUCLEIC ACIDS FROM BIOLOGICAL SAMPLES 



FIELD OF INVENTION 

The field of this invention relates to the rapid separation, isolation, and purification of nucleic acids, DNA 
5 and/or RNA, from biological samples. The method is particularly concerned with the rapid and simple 
purification of nucleic acids from bodily fluids or tissues for clinical diagnosis using nucleic acid hybridiza- 
tion techniques. 



10 BACKGROUND OF INVENTION 

Several procedures for the isolation of DNA or RNA from biological samples have been published. One 
of the earliest procedures for isolation of bacterial DNA utilized a precipitation with alkyttrimethylammonium 
bromides; see Jones, Biochim. Biophvs. Acta (1953) 10:607-612; and Jones, Nature (1963), 199: 280-282. 

15 In the Jones procedure, the alky Itrimethy (ammonium bromides also precipitate other components, the salts 
must be completely removed, and a subsequent series of extractions and precipitations are required to 
obtain the purified DNA, a procedure which takes 1-2 days. No complex biological samples were used. 

A later procedure for isolation of DNA from micro organisms was first described in Marmur, J. Mol. Biol. 
(1961) 3:208-218. The Marmur procedure also involves a series of extractions and precipitations utilizing the 

20 caustic reagents phenol and chloroform. Both the Marmur and the Jones procedures use ethanol as a 
precipitating agent. The Marmur procedure is— still considered the state of the art, but requires 1-2 days to 
perform. Both methods use harsh organic solvents* which additionally make them clinically unacceptable. 

From some biological fluids such as urine or blood, other direct and rapid preparation methods are 
known, such as direct lysing and spotting. For example, see Gillespie, et al.. BioTechniques Nov7Dec. 174- 

25 192 (1983) and Barker et ah, Science 231:1434-1436 (1986). Also see general techniques described in 
Nucleic Acid Hybridization: A Practical Approach , B Hanes and S. Higgins, eds., IRL Press, Washington 
(1985). As the authors themselves discuss, however, the methods cannot be used directly for clinically 
relevant sample sizes, for even in these relatively simple samples interference from "components other than 
nucleic acids become unacceptable. 

30 In addition to these extraction/precipitation purification methods, chromatographic column separation 
procedures have been proposed usisng several specially designed column packing materials, viz. the 
"NENSOR8 20" cartridges sold by DuPbnt NEN Products. Boston, MA, which function primarily by reverse 
phase adsorption and are not recommended for biological samples, the "NUCLEOGEN" DEAE weak anion 
exchange materials for HPLC sold by Machery-Nagel. Duren, West Germany; and strong anion exchange 

35 materials used for HPLC, such as Whatman Partisil SAX. However, the chromatographic column systems 
heretofore used are lengthy, require HPLC instrumentation that mandate high pressure to obtain adequate 
separation and are incapable of isolating nucleic acids from complex biological samples containing many 
components other than nucleic acids, such as those prepared from feces, blood or other bodily fluids or 
tissues. Adding such samples to these column systems would clause unavoidable degradation, resolution 

40 loss and blockage of the column. As such, in order to make these systems practical for adequate isolation 
of nucleic acids, significant sample pretreatment is required and mechanical back-pressures necessitate the 
use of sophisticated pumping and delivery systems. 

State of the art isolations of DNA/RNA continue to employ a variation of the twenty year old method 
described by Marmur, which utilizes many tedious and time consuming steps, requires numerous treat- 

45 ments with unacceptable organic solvents and does not provide adequately isolated nucleic acids needed 
for hybridization assays in a clinical laboratory. Contaminates in the biological samples interfere with fixing 
DNA/RNA hybridization and detection. As a consequence, to provide useful clinical hybridization assays, 
there exists a need for rapid methods to obtain hybridization nucleic acids from biological samples. 
Currently, such a system does not exist. Such methods must be rapid -1) minutes rather than hours or 

so days; 2) be efficient - can recover sufficient RNA or DNA to detect hybridization; 3) requires little or no 
sample pretreatment; 4) not require expensive instrumentation 'or pumps; 5) not use organic solvents or 
vigorous conditions; 6) be essentially universal in nature - can be used for any length RNA or DNA, single 
or double-stranded; and 7) result in high purity DNA or RNA f thus eliminating background contaminants 
from the biological material. The present invention fills fhat ne§d-with a novel method combining rapid lysis 
of samples with subsequent isolation of nucleic acids contained in highly contaminated biological samples 
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by a simplified anion exchange separation. 

A laboratory procedure is known in which DNA can be recovered from agarose gels by electrophoresis 
which separates the DNA from sulfated mucopolysaccharides present in the sample. This procedure 
recognizes that the mucopolysaccharides usually extract from the sample together with the DNA, and uses 
this special electrophoresis procedure to separate these components. Following the separation of the DNA 
from the mucopolysaccharides by electrophoresis, and the DNA fraction is cut out and the DNA elec- 
troefuted it is proposed to further purify the gel by passing it through "DEAE-SephaceP. In this procedure 
the DNA applied to the column is washed with 0.3 M aqueous NaCI, and thereafter the DNA is eluted with 
0.6M aqueous NaCI. The eluant is extracted twice with phenol, once with phenol/chloroform, and once with 
chloroform. The DNA is then recovered from the purified eluant by precipitation with ethanol. See Maniatis 
et al.. "Molecular Cloning" (1982). pages 164-166. Although the above described procedure does separate 
mucopolysaccharides from the desired DNA, the method is laborious. It involves electrophoresi elution, 
column separation, and phenol chloroform extraction. 

SUMMARY OF INVENTION 

The method of this invention is applicable to rapid separation, isofation, and purification of DNA or RNA 
from biological samples. The DNA/RNA may be in double-stranded or single-stranded form. The method is 
particularly advantageous for resolving genetic DNA or RNA found in bacteria, virus and mammalian cells 
and for use with samples of human bodily fluids and tissues, including stool, sputum, urine and blood 
samples. 

Such biological samples contain acid mucopolysaccharides and other contaminating and interfering 
molecules which are particularly difficult to separate from DNA/RNA by conventionally described proce- 
dures. Acid mucopolysaccharides are polymers which contain regularly spaced sugars and anionic charges 
and as such can closely mimic nucleic acids. In clinical samples requiring examination of DNA/RNA from 
pathogenic organisms (bacteria or virus), carboxylated and/or sulfated mucopolysaccharides may be 
present and are known to cause high backgrounds in hybridization assays, and compete in an undesirable 
manner for binding to membranes, which reduces hybridization results. It is an important feature of the 
present invention that DNA or RNA can be separated effectively from interfering components, particularly 
proteins, biological pigments and mucopolysaccharides such as hyaluronic acid, chondroitin. dermatin 
heparin, and keratin. 

For clinical identification of pathogens, it is desirable to recover the DNA/RNA from bodily fluids, tissues 
or excretions containing the bacteria/virus. Such samples may be derived, for example, from feces, urine 
blood, sputum and wound exudates. All such samples may be highly contaminated with water-soluble 
components. Stool samples contain bile pigments and other substances in addition to mucopolysaccharides 
which can produce undesired background fluorescence and adsorbance effects unless removed from the 
DNA/RNA before hybridization assays. A further important feature of the present invention is that such 
interfering substances can be readily separated from the DNA/RNA to be analyzed. 

The method of the present invention can utilize commercially available anion exchange materials. Either 
strong or weak anion exchangers may be employed with aqueous solutions. By utilizing selected solutions 
of hahde and preferably chloride salts for adsorption and elution, the nucleic acids (DNA and RNA) can be 
purified, concentrated, and substantially isolated. 

By employing a solution at known ionic strength for the initial binding of the nucleic acids to the anion 
exchange column materials, most of the water soluble components including other electronegative mol- 
ecules such as proteins (lesser-bound contaminants) can be washed through the column. For elution, the 
required ionic strength is generated by using known concentrations of a salt such as NaCI, which may be 
mixed with a buffer to control pH strength, ideally corresponding to the lowest ionic strength at which the 
nucle.c acids will completely elute. Contaminating substances adsorbed under the same conditions as the 
nucleic acids may thereby be left within the column, i.e.. stronger bound contaminants are separated away 
from the nucleic acids. 

In one preferred embodiment, two columns (or column sections) are employed for the isolation of the 
DNA or RNA. Two beds of different anion exchange materials are used. The first bed in the direction of flow 
is a weak anion exchanger and the second bed is a strong anion exchanger. A preferred weak exchanger is 
one in which primary, secondary, or tertiary amine groups (i.e.. protonatable amines) provide the exchange 
sites. The strong base anion exchanger has quaternary ammonium groups (i.e.. not protonatable and always 
positively charged) as the exchange sites. Both exchangers are selected in relation to their respective 
absorption and elution ionic strengths and/or pH for the DNA or RNA being separated. The solution 
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strengths are higher than the binding strengths. 

With, a totp-bed system^which may be in the form of separate columns or arranged as stacked beds in 
a single column, the elution condition of the first bed must be an effective binding condition for the second 
bed. These conditions may be related so that the lowest ionic strength at which all of the nucleic acids can 

5 be eluted from the first bed is the ionic strength and/or pH at which substantially all of the nucleic acids will 
be bound in the second bed. 

By limiting the conditions of the eluants to the lowest ionic strength at which all the nucleic acids can 
be substantially eluted, stronger binding contaminating components such as mucopolysaccharides can be 
left within the beds. In the two-bed system, the wash solution used to flush unbound components through 

ro the first bed can be passed through the second bed. This gives assurance that any nucleic acids which are 
not immobilized in the first bed will be bound in the second bed. 

In preferred embodiments of the method of the present invention, nucleic acids are isolated and purified 
in aqueous solution samples containing the nucleic acids together with water-soluble components of lysed 
■cells or virus, including carboxylated and/or sulfated mucopolysaccharides. An ion exchange column 

rs material is selected which effectively binds the target nucleic acids, such as "double-stranded DNA, at a 
lower salt molarity than the molarity at which the target nucleic acids elute therefrom. A prepared sample is 
applied to a column packed with a selected anion exchange material, the anionic groups of the column 
material being in chloride or other anionic form. The nucleic acids become bound to the column material, 
and the column is then washed with an aqueous solution of a chloride salt at a chloride molarity at which 

20 the nucleic acids remain bound to the column material. 

To accomplish the purification results of the present invention, which includes particularly the separation 
of the DNA from acid mucopolysaccharides, the first wash molarity should be close to the lowest chloride 
molarity at which the nucleic adds begin to elute. This wash is then applied in sufficient volume to wash the 
nonbinding components through the column, including particularly the carboxylated mucopolysaccharides. 

25 The bound nucleic acids are then eluted by passing through the column an aqueous solution of a chloride 
salt having an eluting chloride molarity corresponding to the lowest chloride molarity at which the nucleic 
acids will completely elute. This eluant is passed in sufficient volume to remove the nucleic acids from the 
column while leaving the sulfated mucopolysaccharides and other interfering substances in the column. The 
eluted nucleic acids are then recovered essentially free of both kinds of mucopolysaccharides, the 

30 carboxyiic and the sulfated forms, proteins, and other interfering molecules. This is a new and unexpected 
result which has not heretofore been accomplished by the use of chromatographic column containing anion 
exchange material. 

It was not previously known that there were chloride molarities which can selectively immobilize nucleic 
acids and sulfated mucopolysaccharides while permitting carboxylated mucopolysaccharides to pass 
35 through the column. Nor was it known that there were chloride molarities at which bound nucleic acids 
could be eluted from a column while leaving sulfated mucopolysaccharides therein. The discovery of the 
practicality of such differentiating molarities is an important part of the present invention. 



40 DETAILED DESCRIPTION 

The primary materials required for practicing this invention are commercial anion exchange column 
materials, a salt, and a suitable buffer to control pH. The column adsorbents include strong base anion 
exchangers of the quaternary ammonium type, weak base anion exchangers of the amine type. Preferably 

45 the .weak base exchangers have tertiary amine exchange sites, although ones having primary amine 
exchange sites can also be used. Such anion exchanges are supplied as semi-porous, generally spherical 
or irregular granules of a si2e adapted for use in chromatographic columns. Suitable granule diameters can 
range from about 20 um to 200 am, and effective pore sizes can range from about 50A to several 
thousand, depending on target DNA/RNA and~contaminant size. Commercial materials are available from 

so several manufacturers including Bio-Rad Chemical, Pierce Chemical Company, Toyo Soda Mfg. Co., and 
Pharmacia Fine Chemicals. Weak base exchangers can have matrix bases comprising agarose, silica glass, 
vinyl polymers, etc. The silica glass may be coated, such as "Glycophase" coating, glycerol glass, etc. 
Tertiary amine groups are commonly diethylaminoethyl, referred to as "DEAE" exchangers. Other tertiary 
amine groups can be employed. Primary amine groups are commonly in aminoethyl form but other primary 

55 or secondary amine groups could be present. Strong base anion* exchangers are supplied with a matrix 
base of silica glass, either uncoated or with a glycophase coating, or with an agarose base. The quaternary 
groups are usually diethylmethylammonium or trimethylammonium, respectively referred to as "QAE" or 
"QMA" exchangers. 
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The method of the present invention in preferred embodiments utilizes the anion exchanoe column 
matenal ,n chlonde form, and selected -critical chloride molarities for applying, ^^^^ 
nucleic ac,ds. The preferred chloride salt is sodium chloride, but the Son of ^t^^l* 
*iad Consequently other alkali metal chlorides such as ammonium and potassium <S^« b?^ 

xrzTz^s^ - m *• — - - - * ~ *n 

The discriminating binding and elution chloride molarities of the selected weak base and/or «mnn h« a 

ztTZuiTu? *zrr usin9 test subsira,es ° f dna * ™ X* T^ss 

TrJr^ , h ' Y Sampl6S t0 be t8Sted ' oom *" ,n 0 the W ""Cleic acids In determining 
the respectve b.nding and elution molarities of the selected anion exchanger standard ch oma EZS 

zsrjzxrv* detectin9 adsorption and eiution ° f *• test ^-^J^iSnrss^ 

RNA can be labeled wrth a su.table marker, permitting solutions to be continuously monitored as thev ex° 
the column and/or eluted concentrations may be followed spectrophotometries V 

Bindirs and elulfon chloMe molarities have Been determined to representative commercial anion 
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bJZJ* Sr, 9 a L * e bind '"9 chloride molarities are also the preferred wash molarities. These 
bnd/wash riToartes are molarrt.es at which substantially all of the target DNA or RNA is bound but are 
c ose to a molarity a which nucleic acids begin to elute. The difference between full binding and beginning 
•fata. ,s at leas. 0.1M chloride and usually in the range of about 0.1 to 0.3 M. The full elution rnotaita 
hown , n the table are substantially higher than the lowest molarities at which elution begins, comprising 
owest molarities at which complete elution of the nucleic acids be obtained. Higher elution molarities than 
those shown cou.d be employed. However, increases of more than 0.1 to 0.2 M can result in eTution of otter 
adsorbed components reducing the purity of the final product. 

When a single bed of an anion exchanger is used for the separation, either a quaternary or a tertiary 
STSSr "Vf* ^ m b6dS " emp,0yed ' th8 n <* bed S hou,d q compri Ja weaL n 

sSTi^ir amine the " cond bed a «°* base quatemar v 

X'^^ 8 ***** C °' UmnS ° r **> beds may be ***** withi " • Single column. 

In the dual bed embodiment, the molarity employed for elution of the first bed may correspond with a 
molarity at which the nucleic acids are fully bound in the second bed. For example, vl ZeTce to tte 

TS^ GWc^Z ^ 1 " adS ° rbent C0U ' d * USSd 38 *• ** bed «" co^ZSon J£ 

! «: ycophase quaternary ammonium exchanger as the second bed. As indicated in the above chart 
dsONA ekites the TRACTOGEL" at 0.5 M. which is an effective binding molarity foMhe QAE exchancKjr 
The wash solution used with the first bed may be passed through the second bed wherein soSe 
components that were not immobilized in the first bed are retained. ' " 

To assure complete elution of the nucleic acids, a small amount of an organic solvent may be added to 

™oTL S rt ° ,Uti0nS - T 3 " 0 ' iS Pr8,erreCl f ° r PUrp0SQ - but other -«*«*. Sding eSanoT 
Z ^IT^ 0 ^ 1 Can b6 US6d - 98neral ' me aPn0Unt t0 be «** ra "9e frcm about 5 to 20% 
by volume. Other more organ.c components such as ureas or formamides may also be used In certain of 

**" 38 Sh ° Wn " tab ' e ,00tn0teS - r ^ than0, W3S a * tad but such - of methanol 
optional. It may. however, assist more complete recovery of the DNA or RNA by reducing undesired 
binding character of the matrix. weeing unaesirea 

Columns for use in practicing the present invention can be of small size and volume Typicallv for 
example bed volumes of from about 0.1 to 10 cubic centimeters (cc) can be used le be£ Lno 

tTnZ ^ 111 ^ °L Cartrid " S W " h int9mal diam9terS fr ° m 3b0Ut 0 3 to 3 -"«-ter 6 (cm, S 
»mTn h »T 8 f ^ Pf9Par8d ** use of *• *««««on. Where the stacked bed system is 

ZS;1 8 ^ °l 8aCh b8d W be ,h9 Same 38 those indicat9d ' Althou 9 n batch processing by 
f ! i an ;° n 9,CC k a T 9er S ° ,Uti0n ^ 3lS0 b9 USedl fl0w co,umns are 9enera.ly ^ster and more 
efficient A particular embodiment of the invention is optimizing flow properties by the selection of Z Z 
mesh sizes and pore sizes allowing for good gravity flow with maximum trapping of contaminants 

The aqeuous sodium chloride solutions described above for binding preferably have a oH around 

TZS'f* iS ' r ith8f f ° n9,y baS8d ° r addiC - F0r —"P* 8 > H "»* tli range Lm lout 5 to^caJ 
be used by employing known buffers. In certain embodiments, however, such as may be required for 

« ftm pH 3 P to 13 °° DEAE ^ 3 PH ^ " ^ **• ° r «** may be -P'oyi " ch as 
Biological materials from which samples can be prepared for use in the method of this invention include 
but are not hmrted to bacterial cultures, cells infected with virus, isolated virus, tissue cultures ce lines and 

Z£LZ?E~" T baCt8ria - 7,18 ^ * PartiCUlar,y desi9ned for ciinical 3a-p.es To SgnS 

-5 SrbodiivfT 81 SamPl8S Ca " 1,8 Pr8Par9d ,r ° m ,eceS ' bl00d or serum ' uri "° -th barter a 

«5 or other bodily excretions such as sputum or wound exudate. u«cwna. 

The test sample may be prepared by known procedures as used for lysing cells and/or viruses to 

Setn^"! 50 '^ 5 0, ,l 8,,Ular ° f Vira ' nUC ' eiC 3ddS - SuCh SO,UJions ""tain IHS^kS 
together wrth other water-soluble components of the lysed cells or virus. In the case of bodily or 
exudates, the samples will usually contain add mucopolysaccharides. In stool sanies the tl n 

r zrjassa r e nuc,eic acids from meat ° r «* by ^siss 

applymg the samp.es to the column material. Sodium chioride. for example, may be added to Ve ^aqueous 
substrates to ach,eve the desired molarity. A .ysing agent for the cells or virus is added su^hTsZm 
lauryl su fate or an enzymatic lysing agent A lysing enzyme, such as Proteinase K may be enSlov^ Z 

may be added, such as ehthy.enediaminetetraacetate (EDTA). thereby preventing the nucleases and/or 
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bivalent, mejai ions from degrading the DNA/RNA. Incubation for short times (5-60 minutes) at controlled 
temperatures (20-70° C) are also useful. After lysing. the solids can be separated by centrifugation or 
filtration. The supernatant provides the sample for use in the method of the invention. As required, the pH of 
the sample is adjusted to a more neutral pH. Salts can be added to increase the ionic strength or water can 
s be added to reduce the ionic strength. 

Where the specimen is prepared from blood, an anticoagulant should be added. The EDTA used to 
protect the DNA/RNA against degradation will also perform an anticoagulant function. This is preferred to 
the addition of heparin, which is an acid mucopolysaccharide and as such can contribute to contaminant 
backgrounds. 

70 In preparing samples from urine, bacterial cells in the urine may be first collected by centrifugation 

(pelleting), and then resuspended in lysing reagent. 

Cells from culture may be either harvested off plates or collected from broth. If the cells are in glycerol 

or dimethylsulfoxide (DMSO). the cells may be washed to remove these agents. The pelletized cells may 

be resuspended and processed as described with respect to bacterial cells in urine. 
is For virus-infected cells, the virus will usually be inside the cells. When the cells are lysed, the virus will 

be liberated. The virus DNA or RNA is released by appropriate known conditions. Additives and treatment 

for preparation of the sample will otherwise be as described. After completion of the lysing, the solids are 

removed to obtain a supernatant. 

The anionic exchangers may be supplied in form for use, or they can be converted to the desired form 
20 by passing aqueous salt solution therethrough. For example, a NaCI solution can be used to convert a bed 

or resin to the chloride form in a column. Alternatively, the exchanger before packing in a column can be 

soaked in the NaCI solution or cycled in a known manner with HCI and NaOH. 

After the column (or series of columns) has been prepared, the clarified solids-free sample is appiied to * 

the column. Where a gravity flow system is used, or preferred, the sample may be poured onto the top of 
25 the column. The sample as applied may have lower NaCI molarity, such as 0.1 M NaCI than used for the 

binding/washing step. The sample is washed into the column with aqueous NaCI at the ionic strength and/or 

pH at which the nucleic acids begin to elute, as described above. The washing volume should be sufficient 

to wash to lesser-binding components through the column. Usually a wash from 1 to 5 column volumes will 

be adequate. 

30 . The wash is discarded where a single bed is employed and also may be discarded where a second 
bed is also employed. Preferably, however,* if a second bed is utilized, the wash is passed through the 
second bed. 

The bound nucleic acids are eluted by passing through the column or first bed an aqueous eluting 
solution element having an increased ionic strength, such as preferably a greater chloride molarity, 
35 corresponding to the lowest conditions at which the nucleic acids will completely elute. The eluant is 
passed in sufficient volume to remove the nucleic acids from the column or first bed, usually requiring from 
about 1 to 5 column volumes of eluant For single bed embodiments, the nucleic acids are recovered in the 
eluant. However, the eluant can be further processed, such as by adding precipitating agents for the nucleic 
acids. 

40 Where two separate beds or a single column stacked bed is employed, the eluant from the first bed is 
passed through the second bed. The ionic strength of the eluant is an effective binding condition for the 
second bed, and nucleic acids become bound in the second bed. Additional quantities of aqueous solution 
may be passed through the second bed or sequentially through the first and second beds to wash out the 
nonbound components. Usually from about 1 to 5 column volumes will be adequate for this washing step. 

45 Absorbed nucleic acids in the second bed are eluted by passing through a stacked column or 
separately through a second bed an aqueous eluant having an eluting chloride molarity higher than that of 
the first column eluant The higher molarity preferably corresponds to the lowest chloride molarity at which 
the nucleic acids are completely eluted from the second bed. This eluant is passed through the column or 
second bed in sufficient volume to remove the nucleic acids from the column. 

so In embodiments where the sample containing the target nucleic acids, such as particularly double- 
stranded DNA, includes carboxylated and sulfated mucopolysaccharides together with other, water-soluble 
components of lysed cells or virus, use of discriminating chloride molarities can effectively separate target 
nucleic acids from either or both kinds of acid mucopolysaccharides. After the application of the sample to 
the column, at a chloride molarity at which substantially all of the nucleic acids become bound to the 

55 column material, the washing of the column at a critical chloride molarity achieves the separation of the 
carboxylated mucopolysaccharides. By utilizing as the wash an aqueous solution of a chloride salt at a 
chloride molarity at which the nucleic acids remain bound to the column material and selected so that the 
molarity is close to the lowest chloride molarity at which the nucleic acids begin to elute, the column may 
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be washed with sufficient volume of the wash solution to remove the relatively weaker binding components 
including particularly the carboxylated mucopolysaccharides. In the next step of the method, the bound 
nucleic acids are selectively eluted by pSssisng through the column an aqueous solution of a chloride salt 
having an eluting chloride molarity corresponding to the lowest chloride molarity at which the nucleic acids 
will elute. This eluant can then be passed through the column in sufficient volume to remove the nucleic 
acids from the column while leaving sulfated mucopolysaccharides therein. The recovered eluted nucleic 
acids thereby obtained are essentially free of mucopolysaccharides. 

The method of this invention is further illustrated by the following representative examples of the 
presently preferred modes for practicing the invention. 



EXAMPLE I 

Isolation and Purification of DNA from Feces Using a Strong Base Anion Exchanger 
1. Sample Preparation: 

(a) About 1.0 gm of stool (preferably fresh, but may also be refrigerated or frozen to prevent nucleic 
acid degradation) is added to about 8.0 ml of 0.5M NaCI/0.02M Na z EDTA in an enclosed tube which may 

20 also contain a small amount of inert projectiles which will aid in breaking up large fibrous masses in firmer 

healthy-type stool when vigorous shaking is used. (Diarrhea stool will not usually require this vigorous step 

to suspend the microorganisms in the NaCI/EDTA solution). 

The test tube is shaken vigorously by hand 3-8 min. as required to break masses. Large debris is then 

pelleted by gentle centrifugation (5 min. at a low speed in a clinical centrifuge). The soluble supernatent is 
25 used in the subsequent lysing procedures and it contains the suspended microorganisms and soluble and 

small particulate contaminants. 

(b) For each column 500 ul of the sample is added to the following: 
-750 ul Proteinase k (@l0mg/ml) 

-100 ul 20% SDS 
30* -150 ul 8M urea 

Finai volume = 1.5 ml 

Final concentrations = 

0.013 M NaCI 

0.05M Na ^ EDTA 
35 5 mg/ml Proteinase K 

1 .3% SDS 

0.8M Urea 

plus stool components and salts 

The sample is now heated to 50°-60°C in a water bath for 15-20 min. with one intermediate mixing. 

The sample is removed and diluted 1:2 with 1.5 ml ion free water. The stool solution itself is a naturally 
buffered one and thus no additional buffer is used. pH remains in the 6.5-7.5 range, typically. 



40 



2. Column Preparation: 

(a) A quaternary ammonium anion exchanger identified in Table A (Pierce QAE Glycophase Glass- 
75-125 am irregular particles, 200 A pores) is added dry to a flask containing 0.1 M NaCI. It is degassed 
using a vacuum pump or aspirator for 10-15 minutes. It is then loaded into 0.7 cm x 10 cm columns, setting 
up a bed volume of 3.0 ml. Packing is facilitated by appiying-vibration. 

(b) To make certain the matrix is converted to chloride form 15ml of 2.0M NaCI is passed through 
the column, followed by 6 ml of H z 0, 15 ml of wash solution (0.5 M NaCI 17% MeOH), and 15 ml of elute 
solution (0.8M NaCI 17% MeOh), then rinsed with 6 ml H z 0 and equilibrated with 0.5M NaCI 17% MeOH 
(9 ml). The column is now ready for sample application. Do not let column get dry. (All solution molarities in 
this and subsequent examples are referenced to aqueous solutions except as otherwise noted.) 
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3. Purification Procedure: 

(a) The prepared sample (3.0 m!) is slowly loaded on the column and flow is by gravity in some 
instances or by gentle manual application of pressure using a stoppered syringe. 

(b) The column is now washed with 5 column volumes of aqueous wash solution (0.5 M NaCI* 17% 
MeOH which may be preceded by 0.5M NaCI wash alone). The polycarboxylated mucopolysaccharides and 
protein are thus washed through the column while leaving the DNA/RNA bound thereon. The sulfated 
mucopolysaccharides also remain in the column. 

(c) The nucleic acids (DNA) are eluted with 9 ml of aqueous 0.8M NaCI, 17% MeOH and 0.5 ml 
fractions are collected and analyzed. The yielded nucleic acids are ready directly for whatever the required 
purpose. The sulfated mucopolysaccharides remain bound in the column. The DNA/RNA thus obtained is 
essentially free of acid mucopolysaccharides. 



4. Analysis: 

Typical analysis of the nucleic acids include spectrophotometric scans (210 nm -» 300nm), comparison 
of 260nm/280nm absorbance ratios, and 230nm/260nm absorbance ratios for purity and concentrate 
Agarose gel electrophoresis determines DNA condition (state of intactness) and staining with Stainsall will 
help confirm the purification away from proteins and acid mucopolysaccharides. Fluorescent scans may be 
used to detect containment fluorescence, and DNA hybridization tests are done to determine presence of 
intact target regions of the collected DNA. 



5. Results: 

By these procedures significant amounts of nucleic acids are isolated and purified from feces and 
>80% of the isolated nucleic acids may be found concentrated in 1.0-2.0 ml total volume of eluant. 

EXAMPLE II 

Isolation and Purification of DNA from Feces Using a Weak Base Anion Exchanger 
1 . Sample Preparation: 

The feces sample is prepared as described in Example I. 



2. Column Preparation: 



A tertiary amine anion exchanger identified in Table A (TSK Fractogel DEAE-650 S) preswollen as 20- 
50 urn particles is employed. A concentrated amount of the resin is added to a flask containing 0.1 M NaCI 
It is degassed using a vacuum pump or aspirator for 10-15 minutes, and it is then loaded into 0 7 cm x 4 
cm column and a bed of 1.0 ml volume is set up. Packing of these spherical particles may be 
accomplished by gravity settling (whereas the irregular glass particles of Example I require trapping and or 
gentle vibrations to set up a good, dense, consistent bed). 

(b) The column is next converted as necessary to chloride counterion form by passing 5 column 
volumes of 2.0M NaCI therethrough, followed by an H ^ 0 rinse of 3 column volumes (3 mis) and an 
equil.bration with 0.3 M NaCI at 3 column volumes (3 mis). The column is now ready for sample application 
Do not allow column to run dry. 
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3. Purification Procedure: 



(c) The column is then eluted with 3 column volumes n mil «f n <; m w»™ i« « 
one will usually find that greater than 80'/ «f Z ! , ' aCL lf fractl0ns are collected 



75 
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4. Analysis: 

mueSSSi."" ^ " B " mp,B 4 - ^ ° NA/RNA iS y ^ of acid 

EXAMPLE III 

ESS E5£ 2££" — uan9 • *- c — « - «. • w- 

1. Sample Preparation: 

The sample preparation is the same as described in Example 1, 1a and b. 



convesion ^ SZ! i" «\°r! *? " N f * tmm * 9wu " h «*™ for ion 

0.8 M NaS U^MeOH) then 6 2 ml H , T^T*^ V™ ™ M9 ° K (15 M,) and 15 ml * 
column is now ready for use ' *' 9qu,,,brat,on with 9 mI O volumes) of 0.3M NaCI. The 

3. Purification Procedure: 

the nucleic acids ^e ^enJaS 1 a^2 0 ^t^ 8 * ** fr3Cti0nS Sh0uld confirm *« 

their purity even high ~ TS^ ° ° f ""^ a6dS ' S «« 

EXAMPLE IV 

Isolation and Purification of Nucleic Acids Contained in Whole Blood Samples 
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1. Sample Preparation: 

. (a) Fresh blood is collected in blood collecting vials containing anticoagulant EDTA (K a ) (25 mM 
final concentration). The following mixture is then prepared: % * 6 



250 


Ul 


blood solution 


250 


Hi 


0.1X SSC (=15 mM NaCl 1.5nM Na Citrate) 


500 


Ul 


Proteinase K (@ lOmg/ml) 


100 


Ml 


1% SDS 


1,100 


ul 


total 



(b) The solution is incubated at 50»C for 10-20 minutes, with an intermediate gentle mixing The 
20 mixture experiences cleaning and turns a clear-dark brown. A high speed 

2. Column Preparations: 

25 The column preparation can be the same as described in Examples I. II or III. 

3. Purification Procedures: 

so The purification procedures can be the same as described in Examples I, II or ill. 

4. Analysis: 

35 The analytical procedures can be the same as described in Example I 

5. Results: 



40 n^JS °? SCr88n,n9 00,1801 nuC,eic acids from **** the bl00d «lto and the pathogens (if 

S^SJT. '"f 6 k °, * ° f *" b,00d C9I,S - " 11,8 *»* " UC,eic acid is ^ t0 e * st sole.y in?e 
orextraceliu arly. i.e., buffy coat lymphocytes, appropriate blood fractionating techniques may be used to 

e S a ; ? 8 "ff 8 "! may 08 P8 ' ,etized usinQ a DuPont ,so,ator 1 ° ^crobial tube. Purified RNA/DNA 
45 essentially free of acid mucopolysaccharides are obtained. ™/vuin« 

EXAMPLE V 

so Isolation and Purification of Nucleic Acids from Infected Urine Samples 
1. Sample Preparation: 



55 



™n« k !f U " ne may 08 th0ught of 38 3 0611 culture broth - A Purred method is to first collect the 
cells by centrrfugaton which greatly concentrates and removes large amounts of contaminanfs The oil 
may then be suspended and lysed as a typical cell culture lysis. For example. pelleted ce!te may be 
suspended ,n 500 ul 0.3 M NaCI. with 160 ul 0.25 M Na j. EDTA, 80 ul i 0% SDS aSd 250^1 
Proteinase K (@ I0mg/ml). The solution is then heated to 50-C for 10-20 mhll h . water £ 
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»«{■ « - «•£ ^1 «I a iiTAS: ST" K ,s m,m "" 1 



EXAMPLE VI 



fo isolation and Purification of NuCeic Acids (DMA) Using NaOH as a Primary CelWirus Lysing Agent 
1. Sample Preparation: 

» sho^L^" ^ 9dUr ! ^ bS ta "° red 10 ^ 0f the ^P' 98 d9scri ^ above and others NaOH Ivsis 
rS^^^Sl? T b SinCe C ° nditi0nS RNA - *~ «*™ u 

0 iM^'rJs^iLT ! SUSPended " mb " d NaC '' EDTA ' and Na0H to concentrations of 

Further procedural information is as described in Examples I, II and/or III. 
25 EXAMPLE VII 

ttzgstzxzg: U!,n9 urea or "* o —*-*— - - 

30 1. Sample Preparation: 

This example follows directly with Example VI. Stool, urine, or other sample mav be used For 

Further procedural .nformation is as described in Examples I. II and/or III examples I III. 

- Sr^Si^ M ,h,s invMon - M — ~ SETS 



35 



40 



EXAMPLE VIII 



«ctan* column mas*, is p„ fer , or , i„ „. chl0 „ e , orm . „ c lorMe «. 0 , £l ™ 



13 



0 270 017 



employed for the adsorption, washing, and edition other halide salts can be employed, such as bromide or 
iodide salts. J=br example, sodium or .potassium bromide or iodide can be used in the same manner as 
descnbed for sodium chloride, with the column being in the same anion form as the salt, that is. in bromide 
form with bromide salts, in iodide form with iodide salts, etc. 



Claims 



1. The method of isolating and purifying nucleic acids from an aqueous solution of a biological sample 
containing nucleic acids together with water-soluble contaminating components from the group consisting of 
.proteins, pigments, carboxylated mucopolysaccharides, sulfated mucopolysaccharides, and mixtures there- 
of, comprising: 

(a) selecting an anion exchange column material which effectively binds the target nucleic acids at a 
lower chlonde salt molarity than the molarity at which the target nucleic acids elute therefrom- 

(b) applying said sample to a column packed with .the selected anion exchanger material, the anionic 
groups of said column material being in chloride form and said nucleic acids becoming bound to said 
column material; a • 

(c) washing said column with an aqueous solution of a chloride salt at chloride molarity at which the 
nucleic acds remain bound to said column material, said wash molarity being close to the lowest chloride 
molarity at which the nucleic adds begin to elute. said washing being of sufficient volume to wash the non- 
bmding components through said column, including carboxylated mucopolysaccharides; 

(d) eluting the bound nucleic acids by passing through said column an aqueous solution of a chloride 
salt having an eluting chloride molarity corresponding to the lowest chloride molarity at which the target 
nucleic acids will completely elute, said eluant being passed in sufficient volume to remove said nucleic 
acids from the column while leaving contaminating components including sulfated mucopolysaccharides in 
the column, and 

(e) recovering the eluted nucleic acids essentially free of mucopolysaccharides and other contaminat- 
ing components. 

* t ^ "T^t!* Claim 1 in WhiCh " UCleiC acids *• sel9Cted tom the group consisting of single-and 
double-stranded DNA and RNA. 

3. The method of claims 1 or 2 in which said nucleic acids are of cellular or viral origin. 

4. The method of claims 1 to 3 in which" said sample has been prepared from a bodily fluid or excretion 
requinng examination for pathogens. 

5. The method of claim 4 in which said sample has been prepared from feces, blood, urine or sputum 

6. The method of claims 1 to 5 in which said anion exchange material contains tertiary amine groups as 
the exchange sites thereof. 

7. The method of claims 1 to 6 in which said anion exchange material contains quaternary ammonium 
groups as the exchange sites thereof. 

8. The method of claims 1 to 7 in which said washing and eluting solution are passed through said 
column by gravity flow. a 

9. The method of claims 1 to 8 in which said washing and eluting solution is aqueous sodiumchloride 
solution. 

10. The method of isolating and purifying cellular or viral nucleic acids from an aqueous solution sample 
containing the nucleic acids together with water-soluble contaminating components of lysed cells or virus 
selected from the group consisting of proteins, pigments, carboxylated mucopolysaccharides, sulfated 
mucopolysaccharides, and mixtures thereof, comprising: 

« J^, *?. le ? in9 a first ion Change column material comprising a weak base anion exchanger which 
effectively binds the target nucleic acids at a lower aqueous chloride salt molarity than the molarity at which 
the target nucleic acids elute therefrom; 

{b l 3 SaC ° nd i0n exchan 9 e material which comprises a strong base anion exchanger which 

effectively binds the target nucleic acids at a lower aqueous chloride salt molarity than the molarity at which 
the target nucle,c acids elute therefrom, the said binding, molarity of the second column material 
corresponding to the said eluting molarity of the first column material; 

(c) preparing first and second columns either as separate or stacked columns respectively packed 
with said first and second column materials in chloride form; 

(d) applying said sample to the first column containing said weak base exchanger, the target nucleic 
acids becoming bound to the first column material; 
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(e) washing said first column with an aqueous solution of a chbriri* »♦ k. 
aigtl nucleic K io I t-i, S ^ sL^S ST.^? ° *i '" e!t "** * *** *• 

comptotely „„» (r „„ saicTse^ Wi» „,h^ T„ ™* my " "* icl1 hu *' c *** 
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